A great deal of light has been thrown recently upon the process of coagulation of the blood and the part played by the different blood constituents in this process. All the various theories on the normal blood coagulation have been recently reviewed by Morawitz
(1):
Whipple (2) and others. The theory of Howell (3), (4) on the effect of tissue juices in neutralizing the amit,hrombin content of normal blood has been also reviewed by a number of investigators.
It may be worth while to state briefly this t!heory, so as to keep in mind the different factors which play a part in normal blood coagulation.
The normal plasma contains prothrombin and calcium which go to make up thrombin, the ferment which acts upon the fibrinogen of the blood and converts it into fibrin or the normal blood clot; but normal blood contains also an antithrombin which binds the prothrombin and renders it inactive and before the prothrombin can become active, the antithrombin has to be neutralized by thromboplastin derived from different cells. Howell (5) has also isolated the lipoid cephalin from tlhe brain tissues and has shown that this substance has strong thromboplastic properties in neutralizing the antithrombin present in normal blood and thus allowing the blood to clot rapidly. Hammarsten (6)) basing his claim on his own work and that of others, stated that only the calcium precipitated out of the blood by means of a soluble oxalate is necessary to transform the fibrin ferment from the inactive into the active form; the second phase of the process of blood clotting, namely the action of t.hrombin upon the fibrinogen, can take place also in the absence of calcium salts.
Without going into a detailed discussion as to the different theories on blood coagulation and as to which of them has more scientific evi- SELMAN A. WAKSMAN dence in explaining this phenomenon, we will find one thing to hold true and that is t,hat a substance can be obtained from different tissues which has a strong thromboplastic action, greatly accelerating the clotting of the blood.
This substance, cephalin, has been isolated by Howell, McLean and others from the brain and other tissues of the body.
To test the thromboplastic action of cephalin Howell (5) used a peptone plasma obtained by injecting a solution of Witte's peptone into a dog, 0.4 to 0.5 gram to each kilogram of animal weight; the clear plasma obtained by centrifugalizing the blood of the dog was evaporated to dryness; small quantities of the evaporated plasma were rubbed up with physiological salt solution, filtered and used for the test. The thromboplastic substance was obtained by Howell (5) by extracting dried brain tissues with ether, evaporating the ether, then precipitating the cephalin with acetone and washing with alcohol. A solut,ion of this substance will neut,ralize the action of the antithrombin of the blood.
In another paper Howell (4) reviews the different hypotheses as to the nature of the t,hromboplastic substance extracted from the tissues and furnishes evidence to show that it facilitates the clotting of the blood only in those plasmas in which antithrombin is present and that it acts by neutralizing this antithrombin. McLean (7) further reports a method of testing the thromboplastic activity of cephalin; it consists in activating the ineffective thrombin present in fresh serum in relatively large amounts. When to eight drops of oxalated plasma three drops of 0.1 per cent cephalin solution in distilled water and three drops of fresh serum are added, a solid clot is produced in about one minute while the control clots only in thirty minutes to two hours.
McLean (8) has further demonstrated the fact that cephalin exposed to the atmosphere or even kept in a desiccator over CaCl2 gradually loses its thromboplastic properties, due to the fact that the unsaturated group of cephalin becomes saturated. Saturated or partly saturated cephalin not only will not exert a thromboplastic action, but a solution of it will give an acid reaction and even retard the coagulation of the blood.
Clinical studies by different investigators have shown that cephalin exerts a very strong hemostatic action when applied to wounds; reference can be made here to the work of Hirschfelder (9) and Horwitz (10) . Brains obtained from different animals were cleaned of all the membranes and blood vessels, macerated to a pulp, spread on plates and dried in a. current of warm air for twentyfour to forty-eight hours; the dried residue was then extracted with ether for twenty-four hours; the ether solution of cephalin was removed and the residual mass extracted with another quant!ity of ether for twenty-four hours Both extracts were filtered and the filtrates evaporated in a current of cold air to a semisolid residue; the latter was precipitated and washed several times witlh acetone. The precipitate was then redissolved in ether and filtered.
The filtrate was evaporated nearly to dryness, then placed in a desiccator over sulfuric acid where the cephalin was freed from the last traces of ether and acetone without exposing it too much to the action of the air in the last process. The cephalin was then placed in amber glass bottles, evacuated and sealed off.
To test the different cephalin preparations and the effect of the environmental conditions upon this thromboplastic substance, the method used by Howell and McLean was followed.
Tubes having a flat bottom, three-quarters of an inch in diameter and two inches high, were used throughout the work for all comparative studies; the observations were carried out at room temperature at about 17" to 19"C., except when otherwise stated.
Complete invertibility of the clot was taken as the end point of the reaction.
The procedure was carried out as follows: the desired amount of plasma (IO drops used in all cases) was first introduced into the thoroughly cleaned tubes using one clean pipette to fill all the tubes in the experiment; enough distilled water was then added with another clean pipette so that all the tubes, after t!he addition of the other ingredients, should contain the same quantity of fluid.
The cephalin (1 per cent except when otherwise stated) was then introduced with a fresh pipette and soon after the serum or the Ca (OH)z, when used. The introduction of the different constituents into the tubes was done as quickly as possible and time taken at the addition of the cep'halin and serum or cephalin and Ca (OH)z.
Difficulties were first' experienced in obtaining a good supply of easily available plasma free from any large excess of anticoagulant. The dialyzing of the plasma, particularly in the presence of a large SELMAN A. WAKSMAN excess of oxalate, did not give an absolutely oxalate free plasma. The use of fresh blood drawn from an animal with a paraffined syringe into paraffin coated containers, as suggested by Morawitz and Bierich, was first tried but this could not supply a material easily available at all times.
It was therefore decided to find out just what concentration of sodium oxalat)e or sodium citrate was necessary to prevent the clotting of the blood, without any large excess of the salt being present in the plasma. By comparing the oxalated and the titrated plasma for the testing of the thromboplastic activities of the cephalin, the results obtained with titrated plasma were more definite and the action of the cephalin more pronounced, due to the fact that the excess of citrate still present in the plasma was more easily neutralized by the calcium introduced than the excess of the oxalatc.
To standardize the method still further and perhaps throw some light upon the nature of the action of cephalin, it was decided to substitute in place of a fresh normal serum a standard solution of calcium hydroxide.
As was shown above, some authors claim that the thromboplastic action of cephalin consists in activating the prothrombin present in the fresh serum and in the plasma.
But in the absence of any fresh serum, the action of cephalin will have to be directed only toward neutralizing the antithrombin or inactivating the prothrombin of the plasma alone, if a sufficient amount of calcium is present to neutralize the excess of anticoagulant Hurwitz (10) emphasizes the fact that only fresh serum should be used; on standing a few days the thrombin of the serum is converted into an inactive form-metathrombin-so that old serum contains less thrombin and more antithrombin.
Rich (11) has recently shown that metathrombin is a thrombin-antithrombin compound and is readily formed in solutions containing both thrombin and antithrombin. The whole blood was used only in a few preliminary experiments, one of which is reported in table 2, and since the plasma containing t'he citrate or oxalate was found to be preferable, the latter has been used in all the other experiments.
The effect of the thromboplastic substance is well shown in the above table; even as low a concentration as 0.002 per cent stimulated the coagulation of the blood; and increase in concentration resulted in an increase in the rapidity of coagulation. The results presented in table 3 clearly demonstrate the fact that the concentration of the anticoagulant has a decided effect upon the action of the cephalin, as a larger amount of serum has to be added to compensate for the presence of the excess of anticoagulant. This would tend to indicate that the addition of serum is not only for the purpose of supplying an inactive thrombin to the plasma-cephalin mixture but also in supplying a substance which neutralizes the anticoagulant. serum neutralizes the anticoagulant, but this seems to be not the only function of the serum: while an increase in concentration of the serum always results in a more rapid coagulation, the same thing does not hold true with the calcium hydroxide.
A further increase in concentration of calcium hydroxide, above the optimum, results in a delay in the rapidity of coagulation; this bears out the observations of Addis (12) SELMAN A. WAKSMAN and Morawitz (13) that an excess of calcium may delay the coagulation of t,he blood.
The more rapid coagulation resulting from an increase in the concentration of the serum may be therefore explained by the assumption that the calcium optimum has not been yet introduced with the smaller concentration of the serum or, what seems to be more probable, an increased amount of serum will introduce a larger amount of prothrombin which, after it has been activated by the cephalin or after the antit#hrombin has been neutralized by the cephalin, is converted into thrombin, which will act upon the fibrinogen of the plasma. It was next thought advisable to study the effect of the concentration of cephalin upon its thromboplastic activities. A fresh lot of cephalin prepared from ox brain was dissolved in water so as to make up different concentrations. Horse blood plasma containing 0.2 per cent sodium citrate was distributed in tubes in the usual manner, five drops of fresh horse serum and five drops of the different concentrations of cephalin were added to these; to another series of tubes three drops of calcium hydroxide solut(ion were added in place of the serum; to a third set of tubes a 1 per cent ether solution of cephalin was added.
Several interesting observations can be made from the above table. First of all the amount of a 1 per cent ether solution of cephalin does not seem to play any appreciable r81e in the rapidity of coagulation.
It looks as if enough cephalin has been introduced wit,h one drop of the particular ether solution to produce the coagulation; the further increase may therefore not have any appreciable effect upon the rapidity of coagulation or may even retard it, perhaps by keeping the cephalin in the ether solution and not allowing it to act upon the mixture of serum and plasma.
In the case of the water solution of cephalin there does not seem to be any difference between a 1.0 per cent solution and a 0.3 per cent solution, while in the case of the calcium hydroxide the rapidity of coagulation of mixtures to which five drops of a 1.0 per cent and a 0.2 per cent cephalin solution were added was the same; The effect oj conc&ration of cephalin upon the rapidity of clottzng of plasma the further dilution gave in both cases a delayed coagulation. The conclusion made from this experiment would be that the concentration of the cephalin is not of great importance in the process of coagulation, if it does not fall below a certain concentration.
Above that an increase in the concentration of the cephalin will not result in any further increase in the rapidity of coagulation, while a decrease in concentration will result in a decrease in the rapidity of coagulation.
This concentration seems to fall between 0.25 and 0.30 per cent of cephalin solution in water of the particular lots tested when five drops of the solution and ten drops of plasma were used. SELMAN A. WARSMAN To obtain further information on this optimum concentration of cephalin and also on the time-concentration curve, the same experiment was repeated using lower dilutions of cephalin than in table 5. The data obtained by the use of an old lot of cephalin and three drops of calcium hydroxide are given in table 6; the use of very low dilutions and a fresh lot of cephalin are given in table 7.
The data presented in tables 6 and 7 confirm the previous observat,ions. The rapidity of clotting does not decrease appreciably down t t c i ii** . . . . . . . . . . . . Figure 1 shows the relation between the concentration of cephalin and the clotting time of the plasma; the data given in table 7 were used in plotting out the curve.
McLean (8) ing the cephalin, especially when prepared in large quantities for the market, with the least deterioration of the material. The advisability of keeping the cephalin in the dark and in vacuated, sealed-off containers at once suggested itself.
The vacuated cephalin samples used for this experiment were kept only in a partial vacuum, at about twentyeight inches obtained by the use of the water pump.
The results confirm fully McLean's observations; even an imperfect vacuum proved to be very favorable to the keeping properties of cephalin. The exposure of the cephalin to the air seems to have an appreciable effect in lowering its thromboplastic properties. The vacuum-kept cephalin was in all instances superior to the lots exposed to the air. No doubt t)here are slight differences in the thromboplastic properties of the different cephalin preparations even when prepared from the brain of one particular animal, probably due to the fact that since the cephalin is not chemically pure, the impurities and the method of preparation may have a slight bearing upon it The cephalin prepared from the brains of the ox, sheep and pig does not differ greatly in its thromboplast'ic activities and the differences that do exist may be due to the slight differences in age of the preparations and in the method of keeping, either exposed to the air or evacuated, rather than to their origin.
The observations of McLean (8) are hereby confirmed: cephalin kept in loosely stoppered containers, in the presence of air, will deteriorate but t:his deterioration will be found by the method used in the previous experiments only when the cephalin is several months old. It was important to find out next how quickly a cephalin water solution will deteriorate.
One per cent solutlions of different cephalin preparations were made up and allowed to stand in loosely stoppered glass containers at room temperature.
At the end of forty-eight hours and seven days this solution was compared with a freshly prepared solution of the same lot of cephalin, using horse plasma containing 0.25 per cent sodium citrate, 5 drops of fresh horse serum, 3 drops of calcium hydroxide solution and 5 drops of the cephalin solution.
The activity of cephalin seems to diminish rapidly when kept in a water solution for any length of time. This is particularly true with an old lot of cephalin kept under unfavorable conditions. The fact was observed a number of times that fresh cephalin preparations which had a strong thromboplastic power deteriorated only very slowly in solution and often no detlerioration was found in solutions forty-eight SELMAN A. WAKSMAN were kept in a water solution for over two weeks and tested every once in a while for their thromboplastic action; it was found that a deterioration set in only in the first few hours, but later the deterioration is less noticeable and, although weaker in their action than the freshly prepared solutions, they still exerted a marked effect in accelerating the coagulation of the blood. All the previous tests were conducted at room temperature. To study the effect of temperature upon the action of cephalin, particularly since its action upon the blood of animals would take place at the t,emperature of the body, two sets of tests were conducted at room and incubator (37") temperature. The effect of a higher temperature is thus found to be very beneficial in the process of coagulation of the blood by the use of cephalin.
Since the phenomenon of coagulation, furthered by the introduction of cephalin, whether it consistIs in the neutralization of the antithrombin SELMAN A. WAKSMAN or in stimulating the production of thrombin, is an enzyme phenomenon, we would expect that the action will take place more rapidly at a higher temperature.
The question of the nature of cephalin action and the part played by the presence of serum, in addition to the plasma and cephalin, is an interesting one. According to Howell's theory, the cephalin neutralizes the antithrombin thus allowing the calcium to activate the prothrombin and convert it into thrombin which acts upon tlhe fibrinogen of the blood.
The Ca (OH)2 added will therefore neutralize the excess of citrate or oxalate present and allow the prothrombin of the plasma which became free to be converted into thrombin and aft,er the cephalin acted upon the antithrombin and neutralized it, to act upon the fibrinogen and convert it into fibrin.
The addition of serum to the plasma should therefore increase the amount of available prothrombin and allow the plasma to coagulate more rapidly, but this did not hold true in many cases, as seen in the previous experiments, where the plasma was coagulated almost as rapidly, if not more rapidly, in many instances, when Ca (OH)2 was added in place of serum.
In t.he following experiments a fresh 1 per cent solution of cephalin was used for the study of the action of cephalin upon plasma, in the absence and in the presence of serum.
The calcium hydroxide seems to act upon the plasma only by neutralizing the excess of citrate, thus allowing the prothrombin in the plasma to be converted into the thrombin which acts upon the plasma and coagulates it,; it seems to play no further role in the process of coagulation.
A further increase in the concentratlion of the calcium above the amount necessary for t'he neutralization of the excess of by 10.220.33.6 on May 8, 2017
http://ajplegacy.physiology.org/ Downloaded from citrate is unnecessary, as is seen from table 12 where, in the presence of three drops of cephalin, three drops of Ca (OH)2 exerted no more action than one drop, two drops of the solution used seem to be enough to just neutralize the excess of citrate and allow the cephalin to act upon the plasma. A further increase in the concentration of the calcium delays the action of the cephalin, as brought out in tables 4 and 12. This deleterious action of the excess of calcium can be neutralized by the addition of serum; the excess of free calcium probably combines with the proteins or salts of the serum, thus allowing the clotting to proceed in a normal manner. In adding serum to the plasma we seem to be introducing two different factors, one, probably the action of the calcium of the serum upon the excess of citrate of the plasma, and the other, exerting by itself a thromboplastic action upon the fibrinogen of the plasma, either supplying more prothrombin, which becomes active after the antit,hrombin has been neutralized and which is converted into thrombin due to the action of cephalin, or perhaps due to some other cause. That t,he action of serum is due to more than one factor is clearly seen from the fact that, by increasing the amount of serum, we increase the rapidity of coagulation.
If tlhe serum acted only by its calcium content there should be a maximum reached, above which a further addition of the serum would be witlhout any effect; but as observed in table 11, SELMAN A. WAKSMAN the increased addition of serum in the absence of cephalin to the plasma, gradually increased the rapidity of coagulation while, where cephalin has been added, the further increase of serum above a certain concentrat,ion does not increase, or only to a very small extent, the rapidity The injluence of cephalin and Ca(OH)z upon the clotting of blood plasma in the absence and in the presence of serum Ca(OH)t -- 5  1  2  3  4  5  6  7  1  5  3  3  3  3  3  3  3  3  3  3  3  3  3 CLOT further addition of serum above that is necessary for the neutralixation of the ant,icoagulant and the necessary prothrombin or prothrombin-antithrombin compound, will not result in any further acceleration of the clotting.
The addition of cephalin solution to the plasma containing 0.25 per cent sodium citrate, without the addition of any free calcium containing substance, also affects the rapidity of coagulation; so, for example, when one drop of 1 per cent cephalin solution was added to ten drops of plasma, a clot was formed in thirty minutes; when five drops of c ePh .alin were added, a clot was formed in twelve minutes and so on, although in certain instances, as seen in table 12, only an imperfect clot was formed.
This would tend to indicate that the cephalin is able to stimulate the clotting of the blood, even without any excess of calcium salts and in the presence of a slight quantity of anticoagulant (sodium citrate); this would be in direct opposition to the well accepted theory of the necessity of calcium salts for the process of coagulation of the blood.
The only explanation that could be suggested at present would be that whether due to the presence of cephalin or not, the calcium citrate is ionized in the plasma-cephalin-water mixture and the calcium ions play their part in the process of coagulation, which is therefore accelerated; upon the addition of only a small quantity of calcium the coagulation takes place much more rapidly. The excess of soluble oxalate, the calcium salt of which is much less soluble than the citrate, will not allow this action to take place so readily.
The presence in the mixture of Ca-ions, citrate-ions and prothrombin would act, according to the mass law, in the following manner: in the presence of a large excess of the citrate ions, all the calcium will be precipitated as calcium citrate; in the presence of only a very small excess of citrate ions, the prothrombin of the plasma will then be able to combine with some of the Ca-ions and produce thrombin. This can be represented by the following formulae:
Prothrombin excess +-Ca ions --+ Citrate ions excess.
That this holds true is also seen from the behavior of the oxalate in the plasma.
When t,he coagulation of the plasma is prevented by the use of a soluble oxalate, the calcium will be precipitated out to a much greater extent, since t.he oxalate ions have a much greater affinity for the Ca-ions than do t,he citrate ions.
The data in table 13 will throw some light upon the nature of the changes that, take place in old serum; while three drops of fresh serum SELMAN A. WAKSMAN will clot ten drops of plasma in eighty-nine minutes and in the presence of two drops of cephalin in nine minutes, three drops of old serum will only clot the plasma in twenty-four hours, but in the presence of cephalin in ten minutes; the same relation holds true with the larger amount of old serum.
This deficiency in the old serum can be corrected by the addition of Ca (OH)a, showing that the change that has taken place in the serum might have had something to do with the calcium transformation in the serum. The old serum has no deleterious effect upon the fresh serum, it has even a stimulating effect:
Td4BLE 13 The action of old serum upon the clotting of the blood while three drops of fresh serum, in the presence of cephalin, produced a clot in nine minutes and five drops in seven minutes, upon the addition of three drops of old serum to these the clot was produced in six and one-half minutes.
Since, according to Hurwitz, the thrombin is changed in old serum to metathrombin, it is possible that the serum has not become yet old enough for all the thrombin to change into another form.
The presence of both calcium and serum accelerate coagulation; these act in a manner similar to a large amount of serum.
The function of cephalin consists therefore in neutralizing the antithrombin of the normal blood, according to Howell's theory; the increased rapidity of coagulation in the presence of calcium salts or fresh serum is due to the fact that calcium is, as is generally accepted, an important factor in the process of the coagulation of the blood; the action of the serum consists then both in supplying calcium to the plasma-cephalin mixture and in supplying a larger amount of prothrombin.
A detailed study of clinical uses of cephalin will be published elsewhere; a large number of clinical observations on the use of cephalin has accumulated tending to show the great value of cephalin in quickly arresting hemorrhages from bone, kidney, muscle and other tissue surfaces, as well as to the bleeding wounds of hemophiliacs. In view of the fact that cephalin in water solution rapidly deteriorates and also since it is usually necessary to have it in a sterile form, a method was worked out1 by which surgical gauze is soaked in an ether solution of cephalin for a certain definite period of time; the ether is allowed to evaporate and the gauze impregnated with cephalin is packed in suitable containers and sterilized.
It is not here the place to give the details of the methods and use of this marketable preparation; mention will only be made of the effectivity of this gauze, both kept in a vacuum and in an open container, in coagulating blood.
The same method as outlined above was used; the gauze used in this experiment was kept for about half a minute in a 5 per cent ether solution of cephalin; the gauze was sterilized in the autoclave at fifteen pounds pressure for half an hour.
Three cubic centimeters of horse plasma containing 0.25 per cent sodium citrate were introduced into the glass containers, three drops of Ca (OH)z, five drops of distilled water and about one-half square inch of the gauze finely cut were added to that.
The data are given in 
